As stated in the last paper (1965), many authors have reported about the initial development of permanent tooth germs but there are very few studies concerning the position changes during the whole development of permanent tooth germs.
Therefore, following the last report about the ontogenetic origin of permanent tooth germs, the author wishes to describe in details the position changes during development of permanent tooth germs in the fetal life, paying special attention to the positional relationships of the permanent germs to each other as well as between the permanent germ and its deciduous predecessor.
Materials and method are the same as written in previous studies.
Refer to the materials listed in the papers published in 1956 and 1962. The same model has been already presented in Fig. 18 of my previous paper (1956) , as viewed from above. The permanent dental lamina shows three projections, corresponding respectively to I, and C. The central incisor germ already shows the labial as well as the lingual epithelial proliferations.
The lateral incisor germ is extending lingually. The canine germ, already separated from the lateral incisor, protrudes labially, extending notably into the depth of the jaw. This disposition of the permanent anterior germs reminds of what was previously described (1956) of the deciduous ones, but it is manifested more markedly in relief and configuration. No. 135 (15.9 cm) . Since the fiducial points were fixed on the same spots in the optical field, the relative position seen in the photographs should be regarded as a natural condition. So we can see that the central incisor germ, in cap-shaped, stage, is directed labially, the lateral incisor germ lingually and the canine germ again labially.
Note also the deeper location of the canine germ in the jaw as compared with that of other germs.
Coming back to Fig. 1 , the permanent tooth germs are located on the lingual side of their corresponding deciduous germs nearly at the middle area in mesio-distal direction.
Furthermore, it should be remarked that they are located not on the same level as their deciduous predecessors, but slightly more superficially to the oral epithelium.
As the development advances, the permanent dental lamina separates at its base from the oral epithelium and disintegrates in a valley of the lamina.
The valley represents the space between the adjacent germs.
So, in Fig. 3 , model of Na. 140 (19.6 cm) viewed from the lingual and somewhat incisal side, the permanent lamina remains only in the areas of the permanent tooth germs. In the interspaces the lamina has already been disintergrated and it is impossible to illustrate its outline with an exact line. That is why in Fig. 3 As the germ of permanent central incisor is located most superficially, it is not seen in this section.
The germ of permanent lateral incisor is present as an epithelial island and the permanent canine germ is represented only as epithelial strings because it is situated in the deeper part of the jaw. to show the permanent germs, which otherwise would be hidden behind the deciduous dentition. Fig. 6 (Plate) demonstrates the developmental stages of the permanent anterior germs at birth ; the central incisor germ has already reached the bell-shaped stage and become quite large.
The lateral incisor germ has been omitted in this figure, because of the individual variation.
The canine germ, which is already pretty bulky, is extending into the deep part of the jaw. Lower jaw : In the lower jaw, the developmental process is nearly the same as in the upper jaw.
The permanent lamina is at first a continuous epithelial band with slight projections at the sites corresponding to I], I, and C. But between the lateral incisor and the canine the lamina is deeply cut in and the germ of canine is widely separated from the lateral incisor germ in front and from the first premolar in the rear. As the development proceeds, a similar change of position as in the upper jaw takes place. When the author starts the scanning of sagittal sections at the mesial side, the anlage of lateral incisor comes into sight in the sections where the distal part of deciduous central incisor is still visible (Fig. 8 middle picture) .
In The germ of permanent canine is located deeper in the jaw than the other germs, so that the permanent canine can not be seen in this section. The permanent lateral incisor is twisted, the distal end being turned inwards.
This rotation is also shown in Fig. 11 , model of a specimem of full term, No. 125 (26.5 cm). Same as in Fig. 5 , the deciduous dentition is drawn only by outlines in order to show the permanent dentition.
In Fig. 6 (Plate) the developmental stages of the lower permanent anterior germs are demonstrated. The developmental process has been advanced in the order of central incisor, lateral incisor and canine.
Histogenetical tissue differentiation has started in those three germs.
2) Molar tooth germs.
Lower jaw : Fig. 12 illustrates the model of No. 135 (15.9 cm) viewed from the lingual side. The permanent dental lamina elevates gently at the first and the second premolars (P1, P2). It is remarkable that the elevation is situated for the first premolar almost at the middle of the deciduous first molar, but is shifted for the second premolar somewhat mesiad from the middle part of the deciduous second molar. 
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As the development advances, the permanent dental lamina separates at its base from the oral epithelium and comes sooner or later to degeneration at first between canine and first premolar and then between first and second premolars. (19.6 cm). This picture has been drawn as viewed from the lingual and occlusal side in order to demonstrate the permanent lamina. In simply lingual aspect, it does not come into sight, since it has changed the position from their lingual side to the occlusal side relatively to the deciduous germs.
Note that the anlage of first premolar has now been dislocated to the mesial part of the deciduous predecessor, while that of second premolar deviates mesiad in relation to its predecessor.
The relative position of the premolar anlage and the cusps of deciduous molar is well illustrated also in Fig. 11 , representing the second dentition at birth viewed from the bottom.
The area of first and second premolar germs are located at a occlusal level of the deciduous molars, lingually to the mesio-lingual cusp of the deciduous molar indicated with * in this figure. Fig. 6 (Plate) also shows the developmental stages of the premolars at birth, where they do not show any enamel organ.
Upper jaw : Fig. 14 shows the model of No. 107 (8.4 cm), viewed from the lingual side. The permanent dental lamina is represented by a continuous epithelial band, which is projected at the area where the germs of first and second premolars develop later.
The free rand seems straigt at the site of first premolar in this figure, but it is due to the view direction of the figure.
Anlages of the permanent premolars are not definitely circumscribed but as the germ of deciduous second molar is rotated, the prospective area of second premolar is also rotated.
As described previously (1962), the germ of deciduous second molar becomes to be rotated so that the mesiodistal axis runs from the bucco-occlusal to the palato-apical side. Same as in the lower jaw, the dental lamina separates at its base from the oral epithelium and degenerates between canine and first premolar as well as between first and second premolars. Obviously we can notice that the premolar anlages are deviated to the mesial part of the predecessor, being located roughly between the two mesial cusps of the deciduous predecessor.
Since the mesio-lingual cusp which is formed later than the mesio-buccal cusp develops lingually to the permanent lamina , the rand of which seems depressed in this figure at the area , where the mesio-lingual cusp stepped over the permanent lamina to the lingual side. As the germ of second premolar is not so advanced in development as that of first one, the mesio-lingual cusp of the second premolar does not yet appear.
In Fig. 5 we saw the permanent dental lamina as a whole at birth and the developmental stage of first and second premolars of the upper and lower jaws were illustrated in Fig . 6 (Plate). The Premolar anlages are in both jaws beyond the bud-shaped stage but they do not show any histogenetic differentiation yet . The remarkable difference between the upper and lower jaws is that the lower premolar anlages are situated on the lingual side of the mesio-lingual cusp of the milk molars , while the upper premolars are located between the mesio-lingual and mesio-buccal cups of the milk molars. Bony crypt roughly shows the area of milk molar.
The anlage of first premolar is seen lingually to the mesio-lingual cusp of deciduous molar. This figure also well illustrates the mesial and superficial position of the premolar anlage against the predecessor.
A frontal section , Fig. 16 -B, also makes this relative position clear.
Contrary to the lower jaw, the germ of upper first premolar lies between two mesial cusps of its predecessor , as shown in Fig.  16 -B, frontal section of No. 125. Fig. 16 -A shows this relationship by horizontal section.
As the germ of milk molar is inclined to lingual side, in the upper figure taken at the more superficial level , the anlage of first premolar and the buccal cusp of milk molar are This disposition is also well illustrated in Fig. 5 , the premolar anlage is located between the mesio-buccal and mesio-lingual cusps, indicated respectively with ** and *.
In the above description that of the permanent molar germs was omitted. It will be reserved for a separate paper.
Discussion
There have been published only a few studies and illustrations on the position development of the permanent tooth germs. The anlages of the permanent tooth germs which develop as tongue-like projection on the lingual side of the deciduous tooth germs (1965) differ from each other in regard to their direction of epithelial ingrowth, depth in the alveloar process as well as relative position to their predecessors.
1) The relationship of position between the permanent tooth germs each other is similar to that between the deciduous germs. As reported by the author , the deciduous germs have characteristic direction of the epithelial ingrowth and depth in the jaw from the beginning of development ( Fig. 2 and 12, 1956 ). In the permanent tooth germs the disposition is more remarkable (Fig.  2 and 8) .
The canine anlage in both jaws, separated widely either from lateral incisor and first premolar, extends labially and most apically, according to the deep position of the deciduous canine (p. 338, 1956 ).
In the lower jaw, the central incisor germ is located most superficially, the lateral incisor germ already shows the twist of crown like deciduous one (Fig. 10) .
In the upper jaw, the lateral incisor germ lies most superficially, directed in the lingual direction, while the central incisor germ shows a labial inclination.
2) The permanent tooth anlages located originally at the lingual side of the deciduous tooth germs change the relative position to their predecessor more and more in the occlusal direction ( Fig. 3  and 8) .
As R ö se and Meyer stated, this is probably because the deciduous dental germs grow, while the permanent germs remain at the original position. Baum e (1890) who observed only the later stages of the permanent germs was lead to the erroneous conclusion that the free margin of the dental lamina does not produce the permanent germs, they are developed f rom the epithelial remnants near the oral epithelium which had nothing to do with the formation of the deciduous germs. He ignored the occluso-apical movement of the permanent germs. 3) Besides the deviation in the occluso-apical direction, movement of the dental germs takes place in another direction, i. e. mesiodistal direction.
The anlages of the permanent tooth germs migrates mesially in relation to their predecessors but this is not so conspicuous in the canine.
This deviation is probably due to that the deciduous germs grow distally because of the distal inclination while the permanent ones keep its original position.
The reason why this is not so remarkable in the canine is that deciduous canine develops very slowly and is directed rather vertically.
As for the molar germs, this change could be also explained as relative difference of growth.
When the premolar anlages become discernible, the crown is not yet formed in the deciduous molars (1965) and the formation of the deciduous molars does not occur at once for all parts of the crown ; it starts at the mesio-buccal cusp, followed by the mesio-lingual, disto-buccal and disto-lingual cusps in that order.
Thus, when the premolar anlages separate from the deciduous molars, the deciduous molars show an advance in its growth in the mesial half of the crown.
Therefore, the growth in the distal part of the crown results apparently in the mesial shift of the premolar anlages.
Me ye r, Rose and B a u m e stated that the anlage of the permanent germs are deviated to the distal side of the deciduous germs from the early period of development.
This statement is not correct.
It is true that in the later stages, when the deciduous teeth erupt and the permanent tooth germs become large, the permanent anterior teeth are situated in the distal side of the deciduous predecessors, but it is the result of position development of germs after birth.
Only M o r g e n s t e r n noticed the mesial shift of permanent germs but he explained this phenomenon erroneously as follows ; "Der vordere Abschnitt der secunddren Schmelzkeime dient also nur dazu, den zun Umwandlung in den bleibenden Zahn bestimmten hinteren Teil der Scheitelfortsatze ( anlage of permanent germs) zu verhindern, zu weit noch vorn zu riicken ; er reseryirt far letz-teren den Raum, welchen er spater fill. seine Fortentwicklung nOthig haben wird."
4) The difference in the position of the permolar anlages between the upper and lower jaws has not been recognized by the previous authors.
In the lower jaw the anlage of premolar exists lingually to the mesio-lingual cusp of the deciduous molar, while it lies between the two mesial cusps in the upper jaw, the mesiolingual cusp of the upper deciduous molar is formed lingually to the permanent dental lamina (Fig. 15 and 16 ). It is probably due to the difference of the bucco-lingual diameter between the upper and lower deciduous molars.
The author wishes to emphasize this difference, since the premolar becomes located later in the interspace between the roots of the deciduous molars, the disposition now mentioned is assumably the beginning of this process. But as the lower molar has two roots, mesial and distal, while the upper has three roots, the process to enter the interspace should differ between the both jaws. This process will be one of the interesting subjects in future studies. 5) Thus, just like the deciduous ones, the permanent tooth germs develop without forming a smooth line, but showing the peculiar growth direction of germs as well as the difference in regard to depth in the jaw from the beginning of development. 6) On the developmental stage of the permanent tooth germs at brith, (Fig. 6 ) the author agrees with the description of N o rberg and K r o n f el d. Besides the upper central incisor the anterior tooth germs are all in cap-shaped stage the development is advanced in the order of upper central, lower central, lower lateral incisors and canine.
The lower canine seems slightly more advanced in development than the upper. The upper central incisor becomes quite large, and it is interesting that its predecessor also develops very early (8 mm crown-rump length) as described by the present author (1957) and by T on g e (1953). The developmental stage of the upper lateral incisor varies from the epithelial thickening to the early cap-shaped stags, according to the specimens.
The premolar anlage can not be difined well and the reports of the previous authors (R os e, Lech e, A hren s, Nor berg etc.) do not coincide with each other.
Although the epithelium becomes thickend, the histogenetic differentiation does not occur. Unless the postnatal development is thoroughly followed, the author can not exactly determine the developmental stage of the premolars.
Conclusion and Résumé
The author studied the position changes during development of the permanent tooth germs in the fetal life by means of scanning serial sections and the stereoscopically observing reconstruction models.
The results are summarized as follows : 1. The permanent tooth anlages differ in regards to their ingrowth direction and depth in the jaw. The disposition is similar to that of deciduous tooth germs ; the canine germ extends in the labial direction deeply into the jaw. The lower lateral incisor is twisted, the distal end being turned lingually, the lower central incisor is close to the oral epithelium.
The upper lateral incisor is directed lingually, while the upper central incisor rather labially.
2. The permanent tooth anlages which originated lingually to the deciduous germs move later to the oral epithelium and to the mesial part of the deciduous predecessors.
This process is not so remarkable in the canine. 3. The lower premolar anlage becomes located lingually to the mesio-lingual cusp of the deciduous molar germ, while the upper premolar anlage between the two mesial cusps of the deciduous molar.
4. The permanent tooth germs develop, just like the deciduous ones, showing special difference in growth direction and depth in the jaw.
5. Developmental stage at birth. The upper central incisor is largest, and most advanced in histogenesis.
In the lower jaw, development is advanced in the order of central incisor, lateral incisor and canine.
The upper canine is bulky. Although the premolar anlages are beyond the bud-stage, histogenetic differentiation does not occur. 
